For many years it has been customary to regard sugar, especially extra allowances in the form of " sweets " and " tuck," as harmful to children, particularly with regard to the development and health of the teeth.
By A. ARNOLD OSMAN, D.S.C., M.R.C.P.
ABSTRACT.-For many years it has been customary to regard sugar, especially extra allowances in the form of " sweets " and " tuck," as harmful to children, particularly with regard to the development and health of the teeth.
Attention is drawn to the possibility that the child's natural desire for such substances has a physiological basis which can only be thwarted at considerable risk to the general health-that in fact a great deal of minor illness amongst children of school age, the nature of which is indicated, is due to a relative insufficiency of sugar in the diet.
The question is asked whether the dental profession consider that the evidence that they have offered that sugar is injurious to the teeth is sufficient to justify its present general condemnation as an accessory foodstuff for children.
THE amount of sugar, as distinct from other carbohydrates, required by children of school age has long been a matter of dispute. On the one hand there is undoubtedly a predilection on the part of most children for sweet and sugary foodstuffs, a craving, perhaps an instinct, so universal as to suggest some underlying physiological need; on the other band there would seem to be some evidence that the consumption of sugar, in what to adult standards would appear to be excessive quantities, may be attended by certain ill-effects.
Of such, the possible dangers to the development of the teeth and their resistance to disease are the most prominent and most important. For this reason, and quite properly, considering the evidence available, most of the propaganda which has now for many years been directed against the giving of sugar or " sweets" to children has come from members of the dental profession. Indeed, to such an extent is this so, and so successful has the campaign been, that inquiry on the part of a physician into the particulars of a child's diet almost always elicits the information from the parents that special care is exercised to see that very little sugar is given and that " sweets " are only occasionally allowed, " because they are bad for the teeth." On rare occasions a different reason is assigned, namely that sugar " brings the child out in spots." In the vast majority of cases, however, the explanation given is of dental origin and nature, and not medical. In due course this doctrine has been accepted by the medical profession, by school authorities, by health experts of various kinds, and by the public, the net result being that sugar and highly suigared articles of diet, such as the products of the " tuck " shop, have been generallycondemned.
The question to be determined now is whether we have not allowed the pendulum to SWiDg a little too far in this direction, so that to-day there is a danger that not a few children are really suffering from a relative sugar starvation-a new deficiency disease-which though possibly resulting in an improved dental state, gives rise to an even more serious diminution of general health and vigour. This is the point of view which I wish to bring before your notice to-night., THE CHILD'S NEED FOR SUGAR.
One of the most striking features of the young child during waking hours is its ceaseless activity, both mental and physical, and at no period of life are the two functions more intimately related. This activity is enhanced by the fact that the child has not yet learned to conserve energy and always reacts on the " all out " principle, and also by the fact that active growth is taking place. In performing such a simple act as lifting a book, for example, the young child will use practically every muscle in the body, and will at the same time surrender the whole mind to the task in hand, or as we should say: "does it with might and main," expending an amount of energy out of all proportion to that requirted. The adult, of course, with greater experience will, with the finely co-ordinated use of a few single muscle groups, perform the same operation without change of position and with scarcely a thought, i.e., with the minimum expenditure of energy. It will be seen, therefore, how enormously greater is the output of energy of thechild compared with that of the most active adult. In an ideal environment this loss of energy would be made good by rest and sleep and a properly balanced diet, but under modern conditions the ideal is often not so easily attained. Clearly then at a time of life wben economy is at a discount and when the engine is running at high speed with a minimum of control, an adequate supply of a readily assimilable and easily combustible fuel is of great importance. Recent researches of Furusawa [1] have shown that the primary fuel of muscle is carbohydrate, and it is becoming increasingly popular for athletes to take extra sugar before undergoing any extraordinary exertions, whilst it has long been used by soldiers on the march as a supply of energy. The healthy child is continually performing athletic feats during wakinghours, and owing to this fact, in addition to his persistent mental activities, and the demands of growth, he therefore requires a much more generous supply of carbohydrate than does the adult.
Obviously too, immediate needs are best met by the use of the simpler carbohydrates, the monoand di-saccharides, the chief use of the more complex poly-saccharides, such as the starches, being to replenish stores at leisure, i.e., after theyhave been broken down into simpler forms. Here again, owing to his restless activity and emotional instability, the child will clearly be in greater need of a rapidly utilizable fuel such as sugar than will the adult. Does not the child's craving for "sweets" arise from these very facts? The argument is sometimes advanced tbat, in earlier times, sugar, as consumed to-day, was not available, and therefore could nothave been necessary. Children living under more primitive and natural conditions, as in the country, are, however, less subject to the continuous stimulation which occurs in the town life of to-day, and, therefore, have a smaller drain on their energies.
Finally, it is well to remember that at the present time dietetics as a science is in its infancy, and that in this connection at least Pembrey's dictum [2] still holds, viz.: "Instinct is a good guide and is in advance of the knowledge current at any time." THE EFFECT OF DEPRIVINGT CHILDREN OF AN ADEQUATE SUPPLY OF SUGAR.
(a) Major symptoms of sugar deprivation.-The results of depriving children of an adequate supply of sugar of course vary with the degree, the rate, and the duration of the experiment, and to some extent with the health and temperament of the child. The symptoms produced may be considered conveniently under the two headings of major and minor symptoms of sugar shortage, the latter being the most numerous and important. From the practical point of view the major symptoms of sugar depletion are included in the condition well recognized by clinicians as " cyclical vomiting," but more popularly known as "bilious attacks"; for convulsions and other symptoms of overdosage with insulin are fortunately rarely encountered.
It will not be necessary now to enter into a detailed description of the exceedingly common disorder, cyclical vomiting. Suffice it to say that it occurs in its most typical form in children between the ages of 4 and 13 years, consists of attacks of vomiting, associated with headache, pyrexia, anorexia and marked muscular prostration, which occur at regular or irregular intervals of weeks or months. The attacks usually last from one to three days, but sometimes as long as ten or fourteen days, and almost invariably end in spontaneous recovery.' Constipation is usually present and may be succeeded by diarrhoea, or the latter may occur alone-"cyclical diarrhcea." The attacks are often extraordinarily true to type, and are apt to be most marked in children of a highly-strung nature, but are by no means confined to the so-called " nervous child."
A study of the exciting factors of an attack of cyclical vomiting will show that there are three common causes: (1) mental fatigue and excitement, (2) infection, and (3) physical exbaustion. All three are factors which make a rapid demand upon the sugar reserves of the body. Hilliger [31 has suggested that attacks of cyclical vomiting are due to exhaustion of the suprarenal secretion through the sympathetic system, and this theory would certainly best explain the facts so far known as regards both atiology and symptomatology. Ross and Josephs [4] have shown that there is a considerable fall in the level of the blood-sugar during the attacks, but in my oxperience this does not usually occur until the attack is well advanced and is probably due to starvation. Observations carried out at Queen Mary's Hospital show that a persistently low blood-sugar is not the rule in these cases, as is commonly taught, and suggest rather that at all hazards the blood-sugar is maintained at a normal level, falling only after the glycogen reserves of the liver have been used up [5] . It is not, however, upon such evidence that cyclical vomiting is cited here as the outstanding example of the result of giving children too little sugar, but rather upon the clinical fact pointed out elsewhere [61 and since amply confirmed by others, that in the vast majority of cases it is possible to prevent such attacks altogether if sufficient sugar be added to the diet, either as a matter of routine, or as a special prophylactic measure, where attacks are known only to follow certain events, such as the excitement of attending a party or school-treat.
Finally, it should be noted that cyclical vomiting is by no means the rare condition, confined to the children of the well-to-do, that it was formerly considered to be, but that on the contrary it probably occurs at some time or another in over\ 30% of the school children of this country of all social classes [5] . Most so-called " bilious attacks " in children are of this nature and are very rarely due to the consumption of unripe apples and other ill-chosen delicacies.
(b) The minor symptoms of suqar deprivation.-The minor symptoms of sugar shortage, not amounting to the complete syndrome just described, are both numerous and varied. Clinically they can be summed up in the word "fatigue," for the subjects of this disorder can often be recognized at sight as being physically and mentally exhausted. Pale, languid, depressed, with dark rings under the eyes, expressionless faces and drooping listless stance, these children indeed look tired out. They form the great bulk of the cases attending the out-patient department of any children's hospital, and are generally diagnosed as "debility." Such children are usually brought up for pallor, anremia, headaches, flabbiness, fainting attacks, abdominal pains, constipation, "growing pains," or asthma. Such symptoms are persistently present in some cases ; in others, only during periods of exceptional stress. In many of them the symptoms have already been aggravated by the giving of extra milk at school, with the hope of increasing their weight by a pound or so, and their height by a few inches, or to ward off tuberculosis. A great number have long parted company with their tonsils and not a few with their appendices. Artificial sunlight is of course prescribed indiscriminately and generally without noticeable benefit. Time will not permit of a discussion of all these individual symptoms, but a word must be said about a few of the most common and important of them. It is extremely difficult and sometimes impossible to produce unequivocal evidence when dealing with clinical signs and symptoms, but from a quite considerable experience I have no hesitation in asserting that an insufficient utilization of sugar, either actually or in relation to the amount of fat consumed, is the most common cause of headaches, constipation and abdominal pains in children of school age, and is a frequent cause of the so-called "growing pains" commonly regarded as rheumatic. At all events, in the majority of cases, all these symptoms, together with those others mentioned above, clear up as a result of increasing the allowance of sugar in the diet. The gain in health and spirits of children so treated is often enormous, and if this measure were widely practised it would result in incalculable benefit and economy. Surgical measures, for example, would be less frequently undertaken, as the children would have no need to attend hospital, artificial light clinics would be less overworked, and hospital out-patient departments less overcrowded, with consequent saving of time and money.
AcIDOSIS. Much has been written of acidosis in relation to cyclical vomiting and allied conditions following the discovery of Marfan of acetone bodies in the urine in these cases during an attack. In fact the terms I cyclical vomiting" and " acidosis" are often used synonymously by clinicians. Acidosis may conveniently be defined as a decrease in the normal alkali reserve of the blood, however produced. For reasons which cannot be entered into now such a definition does not necessarily imply that there is a simultaneous change in the true reaction (pH) of the blood to the acid side, a state of affairs usually described as acidaemia. Acidosis can only be due either to the accumulation of acids, fixed or volatile, in the blood, or to loss of base. In the former case a true acid intoxication is present, but in actual practice it rarely occurs.
The best known example of this type of acidosis is that which occurs in cases of diabetes mellitus where, owing to imperfect oxidation of the fats, the ketone bodies L5], oxybutyric acid, diacetic acid, and acetone are formed. This form of acidosis is conveniently referred to as ketosis, and is the condition found at the height of an attack of cyclical vomiting and in many pyrexial disorders of childhood. In severe cases of diabetes, the amount of ketones in the blood may be sufficient to account quantitatively for practically the whole of the decrease in the alkali reserve of the blood, but in further investigations carried out at Queen Mary's Hospital and published elsewhere [5] , it was found that in children, even when ketosis was present, it did not account for the whole of the acidosis, and that in the majority of the cases of debility described above no ketosis was found at all, although there was generally a considerable decrease of the alkali reserve, or acidosis of undetermined nature. Similar observations on a large group of adults suffering from various symptoms of debility revealed that they too were the subjects of an inexplicable acidosis unaccompanied by any evidence of ketosis [7] . It would seem, therefore, as a result of these investigations, that a considerable proportion of what may be called the hospital class is in fact suffering from some degree of acidosis, as both in the case of the adults and the children, care was taken to select representative groups for study. It would also appear that the importance of ketosis as a cause of symptoms in childhood has been unduly exaggerated; indeed, it is doubtful whether ketosis and acidosis are ever the direct cause of symptoms (with the exception of certain types of dyspncea), though there is increasing evidence that indirectly they may be of the profoundest significance. The relation of acidosis to calcium metabolism, for example, is obviously a case in point, which might have important implications in any study of the structure and development of the teeth. Thus, Bergeim [8] showed that the giving of a diet containing a high proportion of sugar increased the amount of calcium absorbed from the intestines, an effect which he attributed to the increased acidity of the intestinal contents from the formation of lactic acid due to fermentation. It is known that the ingestion of acids increases the calcium absorbed from the intestines, but it also results in increased elimination of this substance. The whole problem, in fact, is one of exceeding complexity.
My chief object in alluding to the subject of acidosis, however, is to stress the fact that it, and neither ketosis nor the alleged hypoglycemia, is the one constant biochemical abnormality discovered in this important group of subnormal children. Further, that when as a result of increasing the sugar in the diet, these ailing children are restored to something approaching normal health, it will generally be found that the acidosis has disappeared, though the mechanism by which this is brought about is not very clear.
How MUCH SUGAR SHOULD BE GIVEN TO A CHILD AND IN WHAT FORM?
No rules can be laid down as to the amount of sugar required by a given child in the course of a day. It is obvious from what has been said already that the quantity must vary for each child according to age, health, activity, inherited nervous make-up and the nature of the environment. The amount of carbohydrate required by children of different ages is given in tables by various authorities but is not very helpful, because the amount wanted actually in the form of sugar is not given, and, as already explained, it is this which is lacking, not the total consumption of carbohydrate, which may even be excessive.
Experience has shown that, except in the mildest cases, general directions as to cutting down the fats and increasing the carbohydrates does not suffice. Sugar must be supplied as such, though in actual practice the form in which it is given does not matter. Glucose possesses certain theoretical advantages over cane sugar, but its chief virtue lies in the fact that it can be prescribed as a medicine and thereby acquires added value in the eyes of the credulous. Each parent or guardian must find by experiment how much is required in each instance in order to maintain the child under the existing conditions in the best possible physical condition. For special occasions extra quantities will be needed as already intimated. In the case of highly-strung children subject to major attacks of cyclical vomiting, the following directions have almost invariably been found successful in preventing further attacks. For all meals 3-4 teaspoonfuls of "sugar per cup of weak tea or small tumbler of lemonade, a sandwich of bread and butter thickly spread with Demarara sugar, and a similar sandwich before going to bed. Plenty of syrup, honey and jam, milk puddings to which sugar can be added liberally, and of course as much fresh fruit as possible. It is advisable to limit fat and milk somewhat, but it is not necessary to omit them altogether. Milks with a high fat content and cream are not allowed as a routine. Lemonade with added sugar is the most generally useful beverage. Extra milk in school should only be supplied to definitely underfed children, and then sugar should be added. Powdered glucose may be given with advantage in lemonade between meals or alternatively "boiled" sweets, toffee or candy should be allowed without stint. Speaking not as an expert I should say that chocolate is probably not a good form in which to take sugar, owing to the length of time which it adheres to the teeth.
With the exception of diabetes and possibly some cases of diarrhcea, I know of no disorder to which children of school age are liable which is made worse by the addition of extra sugar to the diet, nor have 1 ever seen any ill-effects follow such a course.
On the contrary, I submit that there can be no reasonable doubt that there is an enormous amount of chronic misery and ill-health-and incidentally money wasted on education-which could easily be prevented if the giving of adequate amounts of sugar to children were not taboo, and if we were more ready to learn from the child than to teach him. SUMMARY.
Although stress has been laid on the importance of sugar in the diet of the school child it is not to be supposed that all the ills of childhood are likely to be remedied by the simple measures indicated. Deficiency of sugar generally means relative excess of fat which leads not only to the production of abnormal substances such as the ketones, whether inert or toxic, but also to an increased catabolism of protein.
Clearly the solution of these difficulties lies in the discovery of a correctly balanced diet and not in one designed to overcome some particular danger, whether fancied or real. With the possible local action of sugar on the teeth 1 am not qualified to deal.
In conclusion I would venture to summarize the position thus. For many years now the public have been taught and have largely accepted the doctrine that sugar as such is bad for the teeth. As a result, although the total consumption of this foodstuff has increased amongst the population as a whole, there is a considerable prejudice against allowing children extra sugar in the form of " sweets " and " tuck." Under modern conditions of stress and strain there is more than ever a need for this valuable source of energy, especially on the part of children. Further, the campaign against the use of sugar has been intensified by recent discoveries giving prominence to the importance of the fatty foods, especially those containing vitamins A and D. As a result, a large proportion of children of school age is in fact suffering from a relative sugar deficiency. It is of the utmost importance therefore that the dental profession should be acquainted with the situation, and should consider whether the evidence that they have offered against the use of sugar from the dental point of view is such as to still justify its condemnation, and, if this is so, whether this essential foodstuff cannot be supplied in sufficient amounts in a form which will not cause damage to the teeth.
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[1] FURUSAWA, Pruc. Roy. Soc., 1925 , xcviii. B, 65. [21 PEMBREY, M. S., School Hygiene, 1915 HILLIGER, Jahrb. f. Kinderh., 1914, lxxx, 1. (4] Ross, S. G., and JOSEPHS, H. W., Amer. Journ. Child. Dis., 1924, xxviii, 447. [5] OSMAN, A. A., and CLOSE, H. G., Arch. Dis. Child., 1930 , xxvi, 149. [61 OSMAN, A. A., Brit. Med. Journ., 1929 ii), 150. [7] OSMAN, A. A., and CLOSE, H. G., Qzuart. Journ. Med., 1930, xxiii, 393. [8] BE1RGEIM, O., Journ. Biol. Ch6n., 1926, lxx, 35. Discussion.-Mr. F. W. BRODERICK said that he had been responsible for the suggestion that the main cause of dental caries was acidosis, and for some time previously to reading the works of Dr. Osman and Dr. Cameron he had taken up the question of sugar feeding. As to caries being caused by an increase of sugar in the diet, he could say from his own experience that the opposite was the case. Rampant caries had definitely ceased in a number of children when large amounts of sugar had been given. Had Dr. Osman given alkalies, and, if so, had these been given on an empty stomach ? What action was taken in cases of sugar feeding where spots appeared?
Mr. W. A. BULLEID said he hoped that Dr. Osman's paper would drive another nail into the coffin of the heresy that pure sugar gave rise to decay of the teeth. Speaking from a fairly large personal experience, he considered that pure sugar in the form of boiled sweets, glucose, or most kinds of grocers' sugar, was an easily assimnilable substance which, aided by the ever-flowing saliva, passed harmlessly into the stomach. In many cases he had encouraged the giving of a reasonable amount of sugar to children, and in some instances had definitely prescribed glucose and barley sugar. No harm had resulted. With an imlprovement in the general health and well-being of the children, he was confident that a decrease in the susceptibility to caries followed. Even an extreme susceptibility to caries was no contra-indication in suitable cases.
Dr. J. KINGSTON BARTON expressed the view that a certain amount of carbohydrate in the form of sugar was necessary for the child. From the age of six months to school age the mouths and stomachs of many children, however, were demoralized by sweets, and it would probably be a good thing if sweet shops were abolished, because in the course of everyday life abundatit quantities of pure sugar were available. Certain authorities held that beet sugar was practically the samne as cane sugar; it was a significant fact, nevertheless, that jam nmade with beet sugar did not keep so well as that made with cane sugar. He agreed with Dr. Osman as to the need for a proper amount of sugar, but if the dental surgeons were right all forms of sweets should be absolutely taboo. If practical rules could be laid down as to the exact amount of sugar to be given to children as a food, and not as an accessory, they would be of extreme value. The sugar could be taken at one particular meal, the midday meal for example, and no sugar should be given during the rest of the day. The value of sugar in fighting fatigue had been proved by many travellers and explorers in all parts of the world. With regard to the relative virtues of white and brown sugars, it had always been known in the nursery that the white tcnded to produce constipation, while the brown favoured laxity, so *that it was possible to vary the sugars according to the condition of the child.
Dr. R. P. GARRoW asked Dr. Osman if there was any essential difference between cane sugar and beet sugar in the feeding of children, because he believed that the great bulk of the sugar consumed in this country was beet sugar. With regard to milk in the diet of school children, Dr Osmiian had held that extra milk should be given only to underfed children.
Would he say what he meant by " extra milk " and " underfed children " ? The feeding of school children was one of the most imiiportant public health problems of the day, and the National Milk Publicity Council had inaugurated a scheme whereby one-third of a pint of milk in a sealed bottle with a straw, could be supplied to each school child for a penny.
In many districts throughout the country that scheme had been taken up, some half-a-million children drinking their bottle of milk each morning between 10 and 11 o'clock. He believed it was a very good thing, and was satisfied that it was of value in the diet. Milk had been held to be a balancing food, though it seemed that no one could say what constituted a really properly balanced diet.
Mr. A. T. PITTS said that if it could be sbown that sugar was a readily assimilable form of food not readily provided in any other way, then the fact should be accepted, and the dental profession should endeavour to fit their ideas into the general scheme from the point of view of the newer knowledge of nutrition. Equally, the dental surgeons might ask of the dieticians that they should take into account the problenms which face the dental profession. The physician could speak on the question of diet with an authority which the dentist could not claim. Was Dr. Osman definitely in opposition to the work of Dr. Corry Mann, who appeared to show that the addition of milk to the diet of certain children had had an enormously beneficial effect on their nutrition. The child who was constantly stuffing itself with sweets got into the habit of eating thenm at all times. If, however, the sugar were given in the form of glucose, it could be taken at, or just after, meal-times. Seeing that the consumption of glucose had increased during the past ten years and might do harm to the teeth, it appeared desirable that special precautions as to oral hygiene should be taken. The views put forward by Dr. Osman in his paper would have to be seriously considered by the dental profession.
Mr. ERNEST RIX inquired if the giving of large doses of glucose brought on epileptiform attacks in children who had not previously been subject to fits.
Dr. E. W. FISH said the time had come for the dental profession to clarify its views on the Eetiology of caries. There was an enoimous amount of clinical experience upon which to draw, and it seemed a pity not to use it. If sugar and fermentable carbohydrates generally were responsible for causing caries, it was a remarkable fact that many people who took sugar showed themselves to be comparatively free from the disease. On the other hand it was extraordinary that in those who had caries the disease should occur only in certain teeth. Caries obviously was hereditary and took place in permeable faults in the enamel and in the same sort of situation in all the teeth, e.g., at the contact points.
Dr. OSMAN, in reply, said that experiments had been carried out in groups in the giving of alkalies to children who suffered from acidosis, but as no benefit had been apparent, the procedure had been given up as a routine treatment. As to dealing with spots which appeared when sugar was given, without a doubt the thing to do was to give more sugar, when they would disappear. Of the relation between calcium deficiency and sugar deficiency he had little linowledge beyond that contained in his paper. He was also unable to offer any views on the difference between cane sugar and beet sugar. By " extra milk " was meant chiefly the extra glass of milk which in some schools was given to the children about 11 o'clock in the morning. The average child could manage that and deal with it, but the particular children to whom he had referred-who, after all, constituted a very considerable proportion of the school children of this country-could not deal with an extra supply of a highly fatted food unless it was balanced with or by a corresponding amount of sugar. He had often come across children who had been suffering for months, if not years, from various disorders-asthma, headaches, bilious attacks-and they had quite definitely been cured by simply diminishing the amount of fat and increasing the amount of sugar. By " underfed children " he meant those living in an area of distress-perhaps temporary distress such as in the mining areas-to whom little harm would come as the result of giving extra milk. To children living in better circumstances, however, the consumption of the extra glass of milk would increase the number of those attending hospital for disorders due to the consumption of too much fat and too little sugar. NVith regard to Dr. Corry Mann's work, he had no doubt whatever that the result of giving extra milk to a large group of children would be, as Dr. Corry Mann had shown quite clearly, to increase the rate of growth for a given period.
At the same time it would be of interest to know if the incidence of the disorders referred to had increased in the group of children having the greater supply of milk. He suspected that JUNE-ODONT. 2 * it had. It had recently been shown that increased growth in height and weight could be produced just as readily by giving the children skimmed milk, i.e., milk from which the fat had been largely removed. If that was so, the chief objection to extra milk would go.
With regard to epilepsy, he had, as a matter of fact, seen two cases which came on shortly after the children had been put on to extra sugar. There had been no previous history; but they were only two out of many hundreds-if not thousands-of cases treated, and the chances of epilepsy arising in children made one doubt that it was cause and effect. It was, however, a point to be considered, especially in view of the American custom of inducing acidosis from starvation to cure attacks of epilepsy. In the remote past, although it may have been difficult to procure loaf or any other form of sugar, the people could always fall back on berries or honey, and so obtain their sugar in that way.
